Introduction
Some studies reported imbalance of mineral components in patients with aneurysms [1] [2] [3] [4] [5] . The single available scientific reports from recent years describe the effect of certain dietary factors on the risk of aneurysm, such as eating high-cholesterol, fatty meat, alcohol consumption, inadequate intake of fruits and vegetables and also smoking. According to the authors of these papers it results in an increased incidence of aortic and cerebral aneurysms [6] [7] [8] [9] .
The objective of our research was investigation the relationships between content of selected mineral components: magnesium (Mg), copper (Cu), zinc (Zn), selenium (Se), lead (Pb) and cadmium (Cd) and dietary habits and smoking in patients with abdominal aortic aneurysm (AAA) and cerebral aneurysm (CA). We compared the status of examined elements in patients with aneurysm and healthy people in similar age (control group).
The concentration of mineral components in deproteinated blood and tissues, after microwave mineralization in concentrated nitric acid, was analyzed by flame (Mg, Zn) and electrothermal (Cu, Se, Pb, Cd) atomic absorption spectrometry method with Zeeman-effect background correction on Z-5000 and Z-2000 instrument (Hitachi). Certified reference materials: Seronorm -human serum and whole blood, BCR184 -bovine muscle were used to test the accuracy of this methods. The results of the quality control analyses were in agreement with reference values. The Department of Bromatology participates in a quality control program of the estimation of trace elements of the National Institute of Public Health and Institute of Nuclear Chemistry and Technology.
Statistical analyses were performed using Statistica v. 9.1 software. Differences between independent groups were tested by the Mann-Whitney U-test. The correlations were calculated and tested by the Spearman rank test. For estimation the influence of dietary habits on content of mineral components in the examined patients we have used multiple linear regression analysis. Values of p<0.05 were considered to be significantly different.
Results and discussion

Magnesium (Mg)
Mg as an activator of adenylate cyclase and ATPase cofactor is involved in most of the processes of the body. It participates in the synthesis and break-up of high-energy compounds, mainly ATP, activates enzymes involved in the metabolism of carbohydrates and fats, and is involved in protein synthesis [11] . Studies showed the efficacy of the compounds of Mg in the prevention and treatment of cardiovascular and nervous system, diabetes and some cancers, such as in the case of prostate cancer [12] . Mg decreases blood lipids, dilates blood vessels, reduces sensitivity to endogenous catecholamines, prevents hypercoagulability and reduces the sensitivity of the myocardium to hypoxia and also has anti-arrhythmic activity. In animal studies it was found that the deficiency of Mg causes hypercholesterolemia, hypertriglyceridemia and atherosclerosis [13] . Mg is one of the factors that modify the biosynthesis and degradation of elastin and collagen [14] .
The average concentration of Mg in serum of patients with AAA was 21.88 ± 2.52 mg/L and did not differ significantly from the contents of this element in serum of healthy people: 21.09 ± 1.97 mg/L. The average content of Mg in the aortic wall with aneurysm: 191.40 ± 106.37 µg/g was significantly lower (p <0.03) compared to the concentration of this element in normal aorta -average: 299.15 ± 234.98 µg/g ( Table 1 ). The average content of Mg in the parietal thrombus was 47.63 ± 11.93 µg/g. There was no significant correlation between the content of Mg in examined tissues. We found that cigarette smoking decrease concentration of Mg in parietal thrombus of patients with AAA [15] .
The average concentration of Mg in serum of patients with CA was 21.26 ± 3.10 mg/L and did not differ significantly (p = 0.368) on the content of this element in the serum of healthy people: 20.62 ± 2.06 mg/L - One of the factors that eliminate the development of the aneurysm may be proper diet [6] [7] [8] [9] , including adequate supply of mineral components, which are essential factors in numerous metabolic processes functioning as coenzymes or biologically active substances. Mg is absorbed from diet in about 50%, and there are many factors causing the negative balance of this element in the body. The source of Mg in the diet are: buckwheat, soya flour, cocoa, chocolate, seeds of legumes, spinach, wholegrain bread, nuts, figs, bananas, leafy vegetables, rice and fish [17] .
Multiple regression analysis revealed a significant effect the dietary habits on Mg concentration in patients with the aneurysm. Dietary habits in about 50% (R 2 = 0.50) affected the concentration of Mg in the serum of the patients. Frequent consumption of fish and canned fish, grits, rice and legumes had the greatest influence on Mg status, but eating white bread, sweets and sugar was inversely correlated with concentration of Mg. A similar correlation in the case of frequent consumption of sweet bakery products and sweets we found in previous studies assessing the concentration of Mg in patients with larynx cancer [18] . It is known that one reason for the negative balance of Mg in the system are diabetes and eating foods rich in sugar [17] . Analysis of the Spearman rank correlation showed that people often consumed white bread (which significantly decreased serum Mg levels) did not consume wholegrain bread (r = -.327, p <0.05), which is a good source of Mg.
Copper (Cu)
Imbalance in the concentrations of mineral elements in the human body is regarded as one of the risk factors for cardiovascular disease. The biological role of copper (Cu) is related to its participation in the structures and functions of many enzymes (tyrosinase, cytochrome c oxidase, Cu / Zn -superoxide dismutase, an antioxidant and anti-inflammatory). The role of Cu in the inflammation process has not been clearly defined. Significance for this process is its participation in the synthesis of prostaglandins in the arachidonic acid cascade. However, the greatest importance in influencing Cu in the inflammatory process has control of the synthesis of oxygen free radicals, resulting from the presence of this element in superoxide dismutase. In chronic inflammatory process associated with a severe phagocytosis generated free radical compounds that lead to tissue damage. Particularly susceptible to free radical attack are polyunsaturated fatty acids, which are then oxidized. This leads to damage of biological membranes and increase their permeability. Cu reducing the release of lysosomal enzymes by oxidation of membrane thiols to disulfides, to decrease the permeability of biological membranes. Cu also affects the inflammatory process by connecting to histamine, resulting in a decrease of its activity. This trace mineral plays an active role in the synthesis of collagen, elastin, myelin formation, affects bone formation and erythropoiesis [19] . The changes in the Cu content in the arterial wall are important because deficiency of this element may impair the formation of cross-links in collagen and elastin molecules, and thus cause a weakening of the elastic properties of elastin and collagen mechanical resistance and to increase the solubility of these proteins [20] . Cu promotion of angiogenesis is well documented. Cu stimulates endothelial cell proliferation and differentiation and promotes microtubule formation in cultured saphenous veins [21] . The enzyme lysyl oxidase (LOX) is a copper-dependent extracellular enzyme that catalyzes lysine-derived cross-links in collagen and elastin. LOX-mediated cross-linking of collagen types I and III fibrils leads to the formation of stiff collagen types I and III fibers and their subsequent tissue deposition. Evidence from experimental and clinical studies shows that the excess of LOX is associated with an increased collagen cross-linking and stiffness [22] . It has been suggested that ceruloplasmin, which binds more than 90% Cu contained in human plasma and delivers Cu ions play an important role in the oxidative modification of low density lipoprotein (LDL). LDL contributes to the arising and development of atherosclerotic lesions in the arterial wall [23] . It was found that Cu is essential for the initiation of endothelial cell proliferation by the activation of angiogenic factors. Carcinogenic properties of Cu may also be related to its ability to bind to some proteins, giving them angiogenic activity [24] .
The average concentration of Cu in serum of patients with AAA: 1.16 ± 0.36 mg/L was significantly higher (p <0.03) compared to the control group: 0.96 ± 0.16 mg/L ( Table 2 ). The average content of Cu in the aneurysmal wall was 0.92 ± 0.36 µg/g, while in the parietal thrombus 1.50 ± 0.92 µg/g. We observed a significant correlation (correlation coefficient: r = 0.453, p <0.012) between the content of Cu in the aortic wall and parietal thrombus in patients with AAA [25] .
Our new research showed that average content of Cu in serum of patients with CA was significantly (p<0.00003) lower (0.777 ± 0.32 mg/L) than in the control group (1.132 ± 0.41 mg/L) - Dietary sources for Cu include whole grain cereals, legumes and green leafy vegetables, nuts, potatoes, oysters and other seafood, offal, poultry, cocoa, dried fruits such as prunes, raisins and yeast [26] .
The increase of Cu concentration correlated positively with frequent consumption of ham, wholegrain products and negatively with frequent consumption of offal, probably due to higher concentrations of toxic elements in these products and their interactions [27] .
Zinc (Zn)
The importance of zinc (Zn) in the human body is associated with its multidirectional biological activity by taking part in over 300 enzymatic reactions and metabolic disorders. Zn is a stabilizer or a catalyst for more than 200 enzymes that are involved in the processes of cellular respiration, protein and carbohydrate metabolism [28] . The most important biological role of Zn is to participate in the metabolism of nucleic acids and protein synthesis as an essential component of RNA and DNA polymerases [29] . Zn is involved in the metabolism of fatty acids n-3 prostaglandins, which, depending on the type and concentration may act antiinflammatory, dilate blood vessels, lower blood pressure, prevent clotting, inhibit the synthesis of triglycerides and are essential in regulating the activity of T cells [30] . Zn is a protective factor in the structure and functioning of cell membranes, is involved in gene expression and cell differentiation. Due to the stabilizing properties of a protective effect on the integrity of the endothelial cell layer, which protects against harmful substances such as inflammatory cytokines and an excess of polyunsaturated fatty acids. It is suggest that an antiarteriosclerosis role of Zn is related to prevention of this particular factors [31, 32] . Zn also participates in the synthesis of collagen [33] . Due to antioxidant activity and anti-inflammatory properties Zn possesses anticancer activity. It was found that Zn supplementation has a beneficial effect on the reduction of angiogenesis and induction of inflammatory cytokines while increasing apoptosis in tumor cells [34, 35] . Zn decreases absorption of Cu by competing for binding to metallothionein [36] .
The average concentration of Zn in the serum of patients with AAA (0.653 ± 0.271 mg/L) was significantly lower (p <0.00007) than the level of Zn in serum in the control group: 0.996 ± 0.260 mg/L. The average content of Zn in the aortic wall with aneurysm was 21.157 ± 12.582 µg/g, whereas in normal aorta: 23.318 ± 14.038 µg/g ( Table 3 ). The average concentration of Zn in the parietal thrombus was 10.622 ± 6.799 µg/g There was no significant correlation between the content of Zn in examined tissues [37] .
The average concentration of Zn in the serum of patients with CA was significantly (p <0.03) lower (0.651 ± 0.20 mg/L) compared to the concentration of Zn in the serum of healthy subjects (0.761 ± 0.19 mg/L) - Table 3 . We also showed that the level of Zn in the serum of patients who died during hospitalization was significantly (p <0.05) lower (0.544 ± 0.19 mg/ L) compared to the concentration of Zn in the serum of patients who survived (0.684 ± 0 20 mg/L). There was a significantly (p <0.003) higher concentrations of Zn in serum of males (0.875 ± 0.17 mg/L) compared to the level of serum Zn in females (0.648 ± 0.13 mg/L) [38] .
The absorption of Zn from food ranges from 10-40%. The diet and age have influence on the bioavailability of Zn. Excess of calcium, copper, iron and selenium in the diet decreases the bioavailability. Phytic acid and dietary fiber, found in plant food decrease its absorption, but amino acids increase the bioavailability of Zn. Food of animal origin (pork, poultry, fish, shellfish, oysters, offal, eggs, cheese) is one of the best sources of easily absorbed Zn. Plant products such as sunflower and pumpkin seeds, nuts, cereals with wholegrain bread, legume seeds, brown rice, onion, garlic and some mushrooms are also good sources of Zn [32, 39, 40] .
Zn content significantly increased the frequent consumption of fish, canned fish and wholegrain breads, and decreased the frequent consumption of raw vegetables -probably due to the presence of these compounds impair the bioavailability [37, 38, 40] . 
Selenium (Se)
Se is a micronutrient essential to maintain normal physiological functions, but also has an excess of adverse effects on the body. Se content in food, and consequently in the body, is dependent on its presence in the environment. Poland is one of the regions with low content of Se in soil and its overdose of food practically does not happen. More common is deficiency of this micronutrient [41, 42] . So far, about 20 selenoprotein, including glutathione peroxidase, selenoproteins P and W, iodothyronine deiodinase type 1,2 and 3, thioredoxin reductase, synthetase have been described [43] . Se is contained in the active center of glutathione peroxidase (GSH-Px) protecting the body against free radicals because of immunological and anti-inflammatory activities. Deficiency of Se can lead to cardiomyopathy and myocardial infarction, muscular dystrophy and fibrosis of pancreas [44] . Se is the element entered by selenocysteine into the genetic code and its low concentration may influence the increased risk of cancer (breast cancer, lung cancer) [45] [46] [47] [48] . The metabolism of Se in the brain is different than in other organs -deficiency of this element causes accumulation of increasing quantities of Se in brain. Although the function of many selenoproteins are not yet exactly known, an important role of Se in the functioning of the brain in its normal development and disease states, such as schizophrenia, Parkinson's or Alzheimer's disease is suggested [49] . Se also shows a detoxifying effect in the case of exposure to toxic elements such as lead and cadmium; these metal ions readily form stable connection in a complex of poorly soluble selenides excluding those elements from the biochemical processes and improving their elimination from the body [44] .
The average Se level in serum of patients with AAA (60.37 ± 21.2 µg/L) was significantly (p < 0.008) lower than in healthy volunteers (75.87 ± 22.4 µg/L). The average serum Se concentration in the examined group was below the reference range, which is 70-140 µg/L [50] . We have not found differences between the content of Se in the aortic wall of patients with AAA (52.31 ± 47.1 ng/g) and the control group: 55.44 ± 34.4 ng/g (died people) - Table 4 .
The average concentration of Se in parietal thrombus was 139.82 ± 44.6 ng/g. We have observed a significant correlation (r = 0.69, p < 0.0001) between the content of Se in serum and the parietal thrombus of examined patients. We observed a significantly lower (p < 0.05) concentration of Se in aortic wall of smoking than non-smoking patients [51] .
The concentrations of Se in the serum of patients with CA (73.248 ± 13.30 µg/L) were similar to the average content of Se in the control group (75.789 ± 22.07 µg/L) - Table 4 [52].
Type of aneurysm Table 4 . Concentration of Se in patients with abdominal aortic aneurysm (AAA), cerebral aneurysm (CA) and in the control groups.
The content of Se in the diet depends on its content in foods. High-protein products such as meat, meat offal, fish, eggs and poultry are good sources of Se. Additionally plant foods like nuts (especially Brazil), tomatoes, cucumbers, onions, garlic, broccoli, cabbage, wheat germ, wholegrain cereals are also good sources of Se [44] .
The frequent consumption of raw vegetables significantly increased the concentration of Se, which is consistent with the literature because it is known that the plant food, in which Se is present as a selenomethionine and selenocysteine, characterized by a higher bioavailability compared to animal products [44, 53] . In addition frequent consumption of wholegrain bread, grits, rice, meat products, ham, poultry, eggs and honey increased levels of Se in the patients. Eggs, especially egg yolk and poultry in our country are a significant source of Se due to the addition of Se compounds to feed. We estimated the content of Se in different meats and the highest content of Se was in the poultry [54] . The consumption of offal, canned meat, vodka and wine was inversely correlated with Se concentration in examined patients. It is known that alcohol impairs the absorption of minerals; sulfur compounds added to wine as preservatives shows competitive effect to selenium [55] .
Lead (Pb)
Pb is toxic elements, taken from food and drinking water. Pb may accumulate in selected organs, such as blood, liver, kidney, brain and bone [56] . Toxic effects of Pb reveal in disorders of the circulatory system in the form of inhibition of synthesis of hemoglobin [57] .
In addition to inhibition of enzymes involved in heme synthesis, Pb compounds may impair the functions of central and peripheral nervous system. With chronic exposure, there is also damage kidneys and liver [58] . Pb is considered as a potential immunotoxic factor. It exerts a direct toxic effect on cells of the immune system or modulate the immune response to antigens and mitogens, and also causes contact allergy and induces autoimmune disease [59] .
There were no significant differences in the concentration of Pb in blood and aortic wall of patients with AAA (27.96 ± 20.3 µg/L, 162.65 ± 157.2 ng/g, respectively) compared to controls (33.25 ± 11.1 µg/L and 137.16 ± 134.2 ng/g, respectively) - Table 5 . The average concentration of Pb in the parietal thrombus was 7.97 9.6 ng/g. We found a significantly higher (p < 0.05) concentration of Pb in aortic wall samples of smoking than non-smoking patients [51] .
In patients with CA the blood Pb concentration (48.98 ± 37.4 µg/L) was significantly higher (p <0.028) compared to healthy people (29.63 ± 22.8 µg/L) - Table 5 [60] .
Approximately 80% of Pb absorbs to the body through food. The source of Pb in the diet is mostly plant food: leafy and root vegetables, potatoes, cereals, legumes, cucurbits and tomatoes. Offal, meat and fish also may be contaminated with Pb compounds and processes, and packaging add to the contents of Pb in food [56] .
The concentration of Pb can increase the frequent consumption of wholegrain products, and cooked vegetables, but consumption of grits, rice and honey may have positively influence on Pb status [51, 60] .
Cadmium (Cd)
Cd, like Pb, is also a toxic element. The average blood Cd concentrations in AAA and CA patients were similar to the control groups. There was also no significant differences in content of Cd between aortic wall with aneurysm and normal aorta - Table 6 [60, 64] . Cigarette smoking did not influence on content of Cd in examined patients.
Food is one of the sources of exposure to Cd, in addition to environmental and occupational exposure. High content of Cd may contain offal, fish and seafood and vegetable products from the areas contaminated with this element, such as leafy and root vegetables and mushrooms [56] .
The frequent consumption of boiled and raw vegetables, and meat products contributed to the increase concentration of Cd, while frequent consumption of grits and rice decreased its level in the patients with aneurysms. Various species of grits and rice, especially brown rice, due to its high content of essential minerals can protect against the accumulation of toxic elements in the body [60, 64] .
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Conclusions
Serum Zn concentration in patients with AAA and CA is significantly decreased. In turn, serum concentration of Cu in patients with AAA is increased, but decreased in the case of CA. On the other hand, serum concentration of Se in patients with AAA is lower when compared to healthy people, but does not change in the CA. The content of Mg is decreased only in the aortic wall with aneurysm, but its concentration in serum does not change in both types of aneurysms. The concentration of Pb is only increased in the blood of people with CA, while the concentration of Cd in the blood is comparable to healthy people in both types of aneurysms.
Dietary habits (frequency of consumption of each group of food products) may affect directly or indirectly on the content of the Mg, Cu, Zn, Se, Pb and Cd in people with AAA and CA.
